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METHOD AND DEVICE FOR RECONSTRUCT XNG AND REPRESENTING 
MOIiTXDIMENSXONAIi OBJECTS FROM ONE-DIMENSXONAIf OR 
TWO-DlMENSTIONAIi IMAGE DATA 



The present invention relates to a method for reconstructing 
and representing multidimensional objects according to the 
generic part of claim 1 and to a device for reconstructing and 
representing multidimensional objects from one-dimensional or 
two-dimensional image data according to the generic part of 
claim 18 as well as two preferred uses according to claims 21 
^nd 22 . 

Such methods and devices for reconstructing and representing 
multidimensional objects from one-dimensional or two-dimen- 
sional image data are especially known for reconstructing and 
representing three-dimensional or four-dimensional volumes 
from ultrasound images with position data, with an ultrasound 
transmitter emitting ultrasoxind waves onto an object and an 
ultrasound receiver receiving the ultrasound waves reflected 
from the object. To record the object the ultrasotind 



MAXIMARK* FORM 001 



- 2 - 



transmitter or the ultrasound receiver is moved along the ob- 
ject or rotated relatively to the object while individual 
partial image areas of the object are recorded. Such partial 
image areas normally correspond to a line-by-line scanning 
operation (one- or two-dimensional recordings) , recording the 
object line-by-line along a recording direction into which the 
ultrasound transmitter or the ultrasound receiver is moved. In 
known ultrasound devices, the images generated in the ultra- 
sound device can further be used digitally or via a video out- 
let in a post-processing device or in a data processing sys- 
tem. There, the images can be stored or also directly post- 
processed. Said images are one- or two-dimensional images 
which, mostly together with their respective position, are 
available as one- or two-dimensional image data. 

During the scanning operation the object to be examined is 
recorded line-by-line, i.e. individual, mainly parallel lines 
and layers" or rotationally symmetric slices" of the objects 
are stressed by ultrasound waves and the respective reflected 
ultrasound waves are received in the ultrasound device. The 
received ultrasound waves generate image information providing 
information about the individual layers or slices of the ob- 
ject, i.e. information about where the object for example has 
less or more densified material areas (e.g. cavities or 
boundary layers between tissue and liquid) . 

The individual layers or slices of the object are 'Spiled up" 
or ''strung together" in a data processing system in order to 
obtain e.g. a three-dimensional representation of the object 
on the display apparatus. The varying distances of different 
areas of a layer, i.e. the position of cavities or stronger 
densified material areas of the object relative to the 
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ultrasound device are obtained by the evaluation of the grey- 
value information of each layer. 

The known methods like e.g. ultrasound methods use a grey- tone 
grade (threshold) which is either predefined or must still be 
calculated so as to find contours in the image. The contour 
information is then stored in an image and, after evaluation 
of the distances between the ultrasound device or the ultra- 
sound head and the outer contours of the object to be exa- 
mined, generates a multidimensional image effect. The whole 
scanning operation spans across a specific area, e.g. the 
h-uman body, wherein individual layers or slices of the object 
to be examined are successively recorded line-by-line within 
the body during the scanning operation. The individual ultra- 
sound images are joined together spatially correct in a subse- 
quent processing step so that the ''piling up" of the indivi- 
dual images results in a compleite three- or multidimensional 
image of the object. 

These spatial tomographic recording methods of human organs 
are e.g. known from US 5 105 819 or US 5 159 931. According 
thereto, in transoesophagic echocardiography, a pivoted en- 
doscopic probe is introduced through the patient's gullet. The 
ultrasonic detector is integrated in the tip as so-called 
^'phased array" . The ultrasound head is thereby either linearly 
moved or rotated at the tip of the probe so that one layer of 
the organ is scanned from each angle setting of the rotating 
ultrasound head or from any displaced position of the probe. 
One image sequence per layer is recorded, that is to say e.g. 
one or more motion cycles of the organ, like e.g. a cardiac 
cycle. After such a sequence has been recorded, the ultrasound 
head when rotated about a desired angle increment by means of 

. . ./4 

o 

MOLLER. SCHUPFNER ft GAUCER 



- 4 - 



a motor, like e.g. a step or linear motor, is turned further 
or displaced by hand or linearly displaced during the linear 
displacement. A data processing system releases the next re- 
cording sequence wherein the data processing system can pro- 
cess both the data of the electrocardiogram (ECG) and the 
breathing and thorax motion (respiratory record) . 

It is further knovzn to determine the position of the ultra- 
sound head in any location in space during the recording by 
means of a position sensor. Said position sensor is located at 
the ultrasound head and is e.g. connected via an electromag- 
netic field with the data processing systems in such a way 
that it captures all translatory and rotary degrees of freedom 
so that the position, direction of motion and speed of the 
head can always be captured. The recorded one- or two-dimen- 
sional images can then later be spatially assigned and the 
recorded three-dimensional or multidimensional vol\ame can be 
reconstructed. 

The one- or two-dimensional images (e.g. grey-value images in 
ultrasound recordings) and their respective absolute position 
in space and/or respective relative position of the individual 
images with respect to each other result together with the 
images themselves in the one- or two-dimensional image data by 
means of which multidimensional objects can be multidimen- 
sionally reconstructed. Especially in clinical practice during 
the recording of ultrasound images it has proven itself to 
link the recording sequence with the ECG so that each image of 
a sequence is always recorded at a special phase point during 
the heartbeat cycle. Thus sequences of three-dimensional 
images can be generated in moved objects moved or organs in- 
side creatures, which, when strung together, result in a 
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temporarily independent three-dimensional representation of 
the organ. The motion of the organ can then be watched like a 
''film", that is to say f our-dimensionally . 

Conventional methods for reconstmcting multidimensional ob- 
jects from one- or two-dimensional image data generally use 
the one- or two-dimensional partial image areas, pile them up 
one after the other in accordance with the respective posi- 
tions and interpolate the ''missing data" between the individu- 
al one- or two-dimensional partial image areas by means of 
conventional, generally analogue but also digital interpola- 
tion methods. For example, the contours in the grey-value 
image of a one- or two-dimensional ultrasound recording are 
then compared with the contours of a neighbouring grey- value 
image and, based on a three-dimensional plane polygon e.g. of 
the third or fifth grade, linked together in order to "fill 
up" the missing data between the one- or two-dimensional par- 
tial image areas. 

These conventional methods are time-consuming, require a lot 
of calculation work and are mostly not suitable for real-time 
methods, i.e. such methods where the physician for example 
wants to follow the progress of the operation in real time by 
means of an ultrasound during the operation itself. 

It is therefore the object of the invention to improve 
conventional methods and devices for reconstructing and re- 
presenting multidimensional objects from one- or two-dimen- 
sional image data so that that they can be carried out quickly 
and easily, require less calculation time and fewer processing 
steps and hence are cheaper and adapted for use in real time. 
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The invention solves these objects by the characterizing 
features of independent claim 1 and 18. Preferred embo- 
diments of the invention are characterized and described in 
the sub-claims. Preferred uses of the method or the device 
according to the invention are characterized in claims 21 and 
22 . 

According to the present invention, the method for recon- 
structing multidimensional objects from one- or two-dimension- 
al image data uses a multidimensional voxel space, consisting 
of pre-determinable small space elements which are defined by 
means of the available one- or two-dimensional image data 
being generated by partial image areas and the respective e.g. 
spatial or chronological positions of the individual partial 
image areas. This definition of the individual space elements 
of the multidimensional voxel space results from a first group 
of space elements being generated from first space elements 
which contain nvulti dimensional image information and touch or 
intersect planes or lines of partial image areas which were 
arranged in the multidimensional voxel space. 

In a second step, a second group of space elements is gene- 
rated in a naaltidimensional voxel space from second space ele- 
ments by means of information transformation from the multi- 
dimensional image information of the first group of space 
elements. Hence, the second group of space elements consists 
of second space elements in the multidimensional voxel space, 
which normally neither touch nor intersect the planes or lines 
of partial image areas from the one- or two-dimensional image 
data. 
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The advantage of the first group of space elements is defined 
as follows: The multidimensional image information of each 
space element of the first group of space elements is deter- 
mined by means of that one- or two-dimensional image informa- 
tion which exists at the respective intersection or the point 
of contact between the respective first space element and the 
respective line or plane of a partial image area. As soon as 
the partial image areas are exactly positioned in the multidi- 
mensional voxel space, they touch or intersect some of the 
space elements spanning the voxel space. The space elements 
intersecting or touching a one- or two-dimensional partial 
image area are then assigned as first space elements to a 
first group of space elements. 

The following method has turned out to be advantageous as 
preferred information transformation for the definition of the 
second group of space elements: The multidimensional, especi- 
ally spatial and/or chronological distance to the next first 
space element of the first group of space elements is deter- 
mined for each second space element which does not yet contain 
multidimensional image information. Said information will pos- 
sibly be stored. "Distance" will hereinafter always be under- 
stood as the multidimensional distance in the multidimensional 
voxel space. This is e.g. a three-dimensional distance or a 
chronological distance (period of time) between planes of 
first space elements which were recorded at different times or 
a chronological distance between the individual voxel spaces. 

Hence, the second group of space elements contains for each 
second space element the information about the (multidimen- 
sional) distance of each second space element to the next 
first space element as well as the information for the 
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identification of the respective first space element. The 
multidimensional image information of each second space ele- 
ment is then determined by the multidimensional image informa- 
tion of the "^nearest" first space element . 

However, there is no an advantage in determining the multidi- 
mensional image information of each second space element when 
the distance to the next first space element is larger than a 
pre-determinable maximum spatial and/ or chronological distance 
(xmax and tmax, respectively) . This is to prevent that informa- 
tion of the first space elements unintentionally propagates 
''too far" into the space or that too long periods of time are 
bridged. 

For example, the multidimensional image information of the 
next first space element can be used as multidimensional image 
information of each second space element which lies within the 
maximum spatial or chronological distance to a first space 
element. The method therefore examines for each second space 
element being not yet defined, i.e. without information, in 
the voxel space its distance to the next first space element 
and takes over the multidimensional image information of said 
first space element in an identical way. The second group of 
space elements consists advantageously of second space ele- 
ments which have also stored as ''multidimensional image in- 
formation" the distance to and a reference number for the 
plane or line and position of the partial image area, which 
was used to determine the multidimensional image information 
of the nearest first space element. Hence, there exists for 
each second space element a kind of "calculation formula" or 
reference number consisting e.g. of a distance vector and a 
first "reference" space element, which refers to one or 
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several special pixels of a partial image area, being captured 
by the ultrasound record system, for example. 

The following is applied as a further advantageous information 
transformation method for generating the second group of space 
elements: The distances to two or more first space elements of 
the first group of space elements are determined from each 
second space element of the second group of space elements, 
and the multidimensional image information of each second 
space element is defined by the multidimensional image infor- 
mation of a pre-determinable number of spatially and/or chro- 
nologically "'nearest" first space elements. The multidimen- 
sional image information of each second space element is e.g. 
defined by means of the multidimensional image information of 
a pre-determinable niimber of first space elements being 
weighted on the basis of the different distances to the first 
space elements . 

A second advantageous information transformation method is 
described as follows: A search beam coming off from each first 
space element and running along a pre-determinable multidimen- 
sional direction vector defines those second space elements 
which are defined by means of the multidimensional image 
information of that first space element forming the starting 
point of the search beam. The search beam therefore has its 
chronological and/or spatial starting point on the plane or 
line of the partial linage area which has been used for 
determining the multidimensional image information of the 
first space element. The advantageous search beam also has a 
maximum spatial and/ or chronological length (11) along the 
pre-determinable multidimensional direction vector. 
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A search beam coming off from each first space element in a 
certain angle from the plane of the partial image area which 
had been used to determine the multidimensional information of 
the first space element, for example, is defined such that it 
defines such second space elements of the second group of 
space elements which are determined by means of the multidi- 
mensional image information of the first space element which 
formed the starting point of the search beam. The search beam 
then has a given or pre-determinable maximum length and stands 
especially orthogonally on the plane of the partial image area 
which defined the starting point. 

The information transformation method thus defines the second 
group of space elements starting from the first space elements 
of the first group of space elements forming the starting 
points for the respective search beam. The planes of the par- 
tial image areas which defined the first group of space ele- 
ments thus ''beam" into the space and define the second group 
of space elements . 

The second space elements are also advantageously determined 
by means of the multidimensional image information of another 
first space element of the first group of space elements 
forming a target point which is hit by the search beam coming 
from the starting point of a first space element. This is 
especially true if the search beam, even within a still pre- 
determinable maximum length (e.g. chronologically or spatial- 
ly) , hits another first space element which was already de- 
fined within the first group of space elements with multidi- 
mensional image information. 
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Alternatively, the second space elements can initially be 
determined in a first step by means of the multidimensional 
image information of that first space element which forms the 
starting point of the search beam. In further steps, the se- 
cond space elements will then be weighted by means of multi- 
dimensional image information of further first space elements 
forming starting points of search beams which also penetrate 
the second space elements, wherein the weights orientate 
themselves by the multidimensional distances of each second 
space element to the respective starting points. This applies 
for example to rotationally symmetric recordings because e.g. 
two-dimensional partial image areas are not standing in 
parallel to each other and orthogonal search beams therefore 
intersect . 

The second space elements can also be advantageously deter- 
mined by means of the weighted multidimensional image infor- 
mation of the starting point and the target point, wherein the 
weights orientate themselves by the distances of each second 
space element lying on the search beam to the starting and 
target point, respectively. If the starting point has for 
example the multidimensional image information "three'' and the 
target point the multidimensional image information "'five", 
the second space elements on the search beam between the 
starting point and the target point coming off from the 
starting point receive the multidimensional image information 
"three" towards '"four" in the middle between starting and 
target point and towards "'five" shortly before the target 
point at the further first space element. 

The object is advantageously reconstructed and multidimen- 
sionally displayed by means of the multidimensional voxel 
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space consisting of the first and second group of space ele- 
ments, wherein e.g. parts of a reconstructed three-dimensional 
object can be displayed by means of variable sectional planes. 
As soon as the multidimensional voxel space was filled up" 
within the given limits of the method according to the inven- 
tion, arbitrary sectional planes and lines can be laid through 
said one in order to ^^peel out" parts of the objects or dis- 
play them by means of a sectional view. The reconstructed 
object or parts thereof can also be advantageously displayed 
or equipped with pre-determinable characteristics like colour 
or resistance. Denser tissue structures in the human body can 
e.g. be equipped with a higher ^'resistance" so that when shown 
on the display screen a larger reset force is then be applied 
to an active display device (force-feedback device) when the 
user '"points" to such denser tissue areas. 

Certain parts of the reconstructed object, e.g. particular 
contours, can be marked for visualization on one side of the 
arbitrairy sectional plane by means of the three-dimensional 
voxel space, while other elements of the three-dimensional 
voxel space are covert on the respective side of the sectional 
plane so that a three-dimensional especially coloured repre- 
sentation of parts of a, for example three-dimensional, object 
occurs. For visualization of certain parts of the reconstruct- 
ed object, the three-dimensional voxel space is then advanta- 
geously divided into two halves on each side of the sectional 
plane along the sectional plane and displayed congruently to 
one another or laterally reversed so that the whole object is 
visible three-dimensionally . Both volume parts can be advanta- 
geously animated, represented transparently or four-dimension- 
ally, that is to say they can be reconstructed in the natural 
motion . 
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The device according to the invention for reconstructing mul- 
tidimensional objects from one- or two-dimensional image data 
uses recordings of one- or two-dimensional partial image areas 
of the objects, wherein first storage means store the absolute 
spatial and/or chronological positions of the individual 
partial image areas in space and/or the relative spatial 
and/or chronological positions of the individual partial image 
areas to each other along with the one- or two-dimensional 
image information of the individual partial image areas for 
generating one- or two-dimensional image data, wherein second 
storage means store the first group of space elements which 
can be generated in a multidimensional voxel space from first, 
multidimensional image information containing space elements 
which touch or intersect lines or planes of partial image 
areas by means of the one- or two-dimensional image data; and 
wherein third storage means store the second group of space 
elements which can be generated in the multidimensional voxel 
space from the second space elements by means of an infor- 
mation transformation from the multidimensional image in- 
formation of the first group of space elements. 

All storage means are advantageously connected to a processor 
carrying out the above described information transformation on 
the basis of one of the preferred methods. According to the 
definition of the first group of space elements and the second 
group of space elements, i.e. according to the preferably 
complete definition of all space elements of the multidimen- 
sional voxel space, the object is reconstructed and represent- 
ed by means of a display, wherein calculation means carry out 
the information trans foarmat ion of data from the first and the 
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second storage means and store the results in the third 
storage means • 

A preferred use of a method or a device according to the 
present invention is the multidimensional reconstruction and 
representation of an organ captured by means of an ultrasound 
recording method, especially for the representation of the 
heart of a creature considering the motions of the heart. The 
device or the method according to the invention can also pre- 
ferably be used in transthoracal (TTE) , intravascular (IVUS) 
or intraductal (IDUS) sonography or echocardiography. 

Some preferred embodiments of the invention are explained in 
detail on the basis of the following drawings, wherein: 

Fig. 1 shows a schematic representation of the 



recording of a heart. 



Fig. 2 



shows a rotationally symmetric ultrasound 
converter for the recording of a heart. 



Fig. 3 



shows the schematic representation of a three- 



dimensional voxel space. 



Fig. 3a 



shows a first section from the multidimen- 



sional voxel space. 



Fig. 3b 



shows a second section from the three-dimen- 



sional voxel space. 



Fig . 4 



shows the schematic representation of a first 
preferred embodiment of the method according to 
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shows a schematic representation of a second 
preferred embodiment of the method according 
to the invention, 

shows the multidimensional representation of a 
reconstructed object, 

shows the multidimensional representation of a 
reconstructed object with sectional plane, 

shows the multidimensional representation of a 
reconstructed object with the separate and 
pivoted representation of both sides of the 
sectional plane. 

Fig. 1 shows the schematic view for the recording of an object 
1, for example a heart, being recorded transoesophagically . An 
ultrasound head 4 is then introduced through the gullet 2 by 
means of a flexible tube 3 in order to obtain recordings 7 of 
the object 1 in parallel or rotationally symmetric positions. 
For example, a tomographic ultrasound plane or section 8, 
formed of ultrasound beams, rotates in the direction of rota- 
tion S. The individual partial image areas 6 having a parti- 
cular distance to each other are triggered by means of an ECG 
signal and respectively assigned to each other. Piled up, they 
result in a recording 7 at a particular state of motion of the 
object 1. The individual recordings 7 can then successively be 
represented on a display screen of a data processing system. 



Fig. 5 



Fig. 6 



Fig. 7 
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thus resulting in a four-dimensional, i.e. moved multidimen- 
sional representation of the object 1. 

Fig. 2 shows a rotationally symmetric ultrasound head 4 con- 
nected to a flexible tube 3. The ultrasound head 4 «emits" 
rotationally symmetric tomographic ultrasound planes or sec- 
tions 8 formed of ultrasound waves and rotating in rotational 
direction S in order to record the object 1. The individual 
layer planes of the rotationally symmetric recordings 7 have a 
constant or variable distance. 

Fig. 3 schematically shows the multidimensional voxel space 9, 
^represented three-dimensionally here, into which, shown exem- 
plarily, two two-dimensional partial image areas 6 had been 
arranged. These partial image areas 6 are for example rota- 
tionally symmetric recordings 7 which, as shown in Fig. 2, had 
e.g. been recorded by an ultrasound head for the recording of 
a heart. These partial image areas 6 being two-dimensionally 
here are arranged in the voxel space 9 on the basis of the 
equally known positions of the partial image areas 6. 

Figs. 3a und 3b show sections of the multidimensional voxel 
space 9 having first space elements 10a and second space 
elements 10b. The first space elements 10a form a first group 
of space elements 15a and thus delimit themselves from the 
second group of space elements 15b, consisting of second space 
elements 10b, by intersecting or touching the planes of the 
partial image areas 6 which had been arranged in the multidi- 
mensional voxel space 9. As shown in Fig. 3b a plane of the 
partial image area 6 intersects or touches space elements of 
the three-dimensional voxel space 9 and thereby defines the 
first space elements 10a of a first group of space elements 
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15a. The individual space elements 10a thereby receive the 
image information 13 supplied by the two-dimensional partial 
image area 6, This can be colour or grey-value information, 
digital or analogue information, numerical values, time values 
or heuristic values which are respectively taken over in a 
first space element 10a or which define the space inf oxmation, 
i.e. the multidimensional image information of a first space 
element 10a. 

The first and second space elements are standard cubes" of 
the multidimensional voxel space 9, that is to say they are 
voxels spanning the multidimensional space. After all one- or 
two-dimensional partial image areas 6 had been ''spanned" in 
the multidimensional voxel space 9, i.e. layered or integrated 
in there, the definition of the first group of space elements 
15a takes place by means of the image information 13 of the 
partial image areas 6 . 

After the first group of space elements* 15a had been defined, 
the information transformation takes place to define a second 
group of space elements 15b consisting of second space ele- 
ments 10b. A preferred embodiment is shown in Fig. 4. A first 
preferred embodiment of the method according to the invention 
is schematically shown here, wherein e.g. the spatial distance 
to the nearest first, i.e. already defined space element 10a 
is determined for each second space element 10b. As depicted 
in Fig. 4, this can for example be a perpendicular 12 hitting 
a first space element 10a. However, arbitrary angles are also 
imaginable as long as a first space element 10a is reached 
within a maximum distance 3<^nax ox tmax- 
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Thus, a ^'search radius" or a ^'multidimensional search ball" 
with the maximum distance Xmax is put around each second space 
element 10b and it is asserted whether a first space element 
10a lies within this search ball" in order to then store in 
the second space element 10b its distance x to the second 
space element 10b, including the respective image information 
of the first space element 10a. 

Fig. 5 shows another preferred embodiment of the present in- 
vention, wherein, starting from each first space element 10a, 
a search beam 14 is emitted along a pre-determinable multidi- 
mensional directional vector <I) and wherein said search beam 14 
then defines the second space elements it hits. The advanta- 
geous search beam 14 has a maximum length 11 so that all se- 
cond space elements 10b lying on the search beam 14 up to the 
maximum length 11 are defined by the multidimensional image 
information which has the starting point 16, i.e. said first 
space element 10a which forms the initial point of the search 
beam 14. As shown in Fig. 5, the search beam 14 can ^'search" 
up to a maximum length 11 in case no other first space element 
10a is hit or the search beam 14 impinges a further first 
space element 10a which then forms the target point 19. 

The respective second space elements 10b on the search beeun 14 
between the starting point 16 and the target point 19 can then 
identically take over either the multidimensional image in- 
formation of the starting point 16 or the multidimensional 
image information of the target point 19 or they can take over 
a weighted multidimensional image information resulting from 
the weights of the respective distance of the respective 
second space element 10b to the starting point 16 or the 
target point 19. 
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Should a second space element 10b be hit by a further search 
beam 14 and hence represent a cross element 20, it can also 
advantageously be determined in a first step by means of the 
multidimensional image information of that first space element 
10a which forms the starting point 16 of the first search beam 
14, and it can be weighted in further steps by means of multi- 
dimensional image information of further first space elements 
10a forming starting points 16 of search beams 14 which also 
penetrate the cross elements 20, wherein the weights orientate 
themselves at the multidimensional distances of each second 
space element 10b (here: cross element 20) to the respective 
starting points 16 (19) . 

The method depicted in Fig. 4 is known in a different context 
as distance transformation method (Distance Transformations in 
Digital Images, Gunilla Borgefors, Computer Vision, Graphics 
and Image Processing 34, 344 to 371 (1986)) and defines a 
method especially suitable for volumes which had been scanned 
relatively dense, i.e. which comprise plenty of one- or two- 
dimensional partial image areas 6 within a particular voliome. 
The restriction to a maximiun distance xinax prevents that the 
images taken, i.e. two-dimensional partial image areas 6, 
''spread" too much in volume and result in an unrealistic re- 
construction. Advantageously, not the precise Euclidean 
distance is used but the distance from the already sorted 
''voxel planes", i.e. such partial image areas 6 which had 
already been arranged in the three-dimensional voxel space 9 . 

In the three-dimensional case, a perpendicular 12 runs from 
each second space element 10b to the ''voxel plane" consisting 
of first space elements 10a, and all space elements between 
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the second space element 10b and the first hit space element 
10a are filled with or defined by the three-dimensional image 
information of the hit first space element 10a. The advantage 
of said method lies in its simplicity and the resulting speed. 
Furthermore, it delivers very sharp results because the voxels 
to be filled are not determined by interpolation, provided 
that the recorded layers are relatively close to each other. 
Empirical studies resulted in medixim image distances from 1 to 
approx. 10, advantageously from approx. 2 to 3 voxels. 

Another preferred embodiment of the method according to the 
invention pursuant to Fig. 5 fills" each second space element 
10b, lying between the individual voxel planes, by means of 
linear interpolation, that is to say, for example, by means of 
weights from the distances of the respective second space ele- 
ment 10b to the respective voxel plane. After that, the indi- 
vidual second space elements 10b are no longer interpolated 
with other ''beams" which possibly ''intersect" the already 
defined second space elements 10b. 

A further preferred embodiment of the method according to the 
invention pursuant to Fig. 5 "fills" each second space element 
10b, lying between the individual voxel planes, by means of 
the information of the first space element 10a which forms the 
starting point of the search beam. After that, two cross ele- 
ments 20 are interpolated with further "beams" which "'inter- 
sect" the already defined second cross elements 20. 

The advantage of this method, in return, is the simplicity and 
the resulting speed. It is especially suitable for parallel 
and pivoted movements, first of all when the layers are rela- 
tively far away from each other. 
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The present method is particularly suitable for the represent- 
ation of the reconstructed multidimensional objects because 
the voxel space 9 is defined by the first and second group of 
space elements 15a and 15b. These possibilities of represen- 
tation are shown in Figs, 6, 7 and 8. 

Fig. 6 particularly shows a multidimensional voxel space 9 
spanned by the first group of space elements 15a and the se- 
cond group of space elements 15b and in which a reconstructed 
object 17 is located. As shown in Fig. 7, a sectional plane 18 
can be arbitrarily laid through the reconstructed object 17, 
wherein said sectional plane can also be displaced or turned 
into any direction. The sectional plane 18 parts the multidi- 
mensional voxel space 9 in a right partial voxel space 9a and 
a left partial voxel space 9b. In Fig. 8, the right partial 
voxel space 9a is shown in the sectional representation in 
such a way that the reconstructed object 17 of the left par- 
tial voxel area 9b can be seen multidimensionally . Likewise, 
the left partial voxel space 9b is shown with that part of the 
reconstructed object 17 which was originally located in the 
right partial voxel space 9a. By displacing the sectional 
plane 18, partial views of the object can be shown separately, 
wherein the whole object is always visible. The individual 
partial areas can be arbitrarily pivoted and displaced in 
order to visualise partial views of the object. 

This method is particularly suitable for the representation of 
coloured, reconstructed volumes. The present method of repre- 
sentation by means of the multidimensional voxel space 9 
benefits from the fact that all space elements or almost all 
space elements 10a, 10b are known in the voxel space 9 are 

.../22 

o 

MOLLER, SCIIUPFNBR ft GAUGER 



- 22 - 



known and therefore, arbitrary sectional views can be repre- 
sented multi-dimensionally without certain parts of the re- 
constructed object being '"cut away". Particular colour por- 
tions of the reconstruction can be '"peeled out", whereas 
others stay covert. Both vol\ime parts can advantageously be 
animated, represented transparently or f our- dimensional ly, 
that is to say reconstructed in the natural motion. 
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